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The problem of evaluating the epidemic potential ofwestern equine encephalitis in the north-
eastern United States is presented and possible reasons are discussed for the present lack of
human and horse cases of this disease even though increased numbers ofisolations of the virus
have been obtained in the East during recent years. Epidemiologic factors ofvector bionomics
and virus strain variations are considered. It is concluded that while this virus strain can no
longer be regarded as uncommon in the Northeast, the evidence indicates there is little
potential for epidemic expression of this agent in the human and horse population. This appears
to be due to differences in the bionomics of the mosquito Culiseta melanura, which serves as the
primary enzootic vector in the northeastern United States and in the bionomics of Culex
tarsalis that is the vector in the western region of the United States. Other limiting factors in
the epidemic potential may be variations between virus strains located in the East and West.
Western equine encephalitis (WEE) virus is classified as an arthropod-borne virus
(arbovirus) in the family Togaviridae. It is maintained in nature in a wild bird-mos-
quito transmission cycle and is one of the most common arboviruses causing en-
cephalitis in man in North America. For over 30 years it has been known to occur in
epidemics involving human fatalities in the central and western United States. As an
example, an outbreak involving over 3000 cases occurred in North Dakota, Minne-
sota, and adjacent areas of Canada during the summer of 1941. In this epidemic the
case fatality rate ranged from 8 to 15% (1). In addition to the occurrence ofsporatic
epidemics, the infection ofhumans and equines, often subclinical, can be detected an-
nually in a number ofareas in the central and western United States (2, 3).
Until recent years, WEE virus has been found only infrequently in the Northeast.
The initial isolation in this region was made in New Jersey in 1953 (4). Subsequently,
virus was recovered in Massachusetts in 1959 (5) and in Maryland in 1964 (6), and it
was reported from Connecticut and New York in 1972 and 1973, respectively (7, 8).
However, over the past several years, the number of isolations obtained from mos-
quitoes in this area has increased greatly. Even though WEE virus is present in this
region, no illness attributable to infection with this agent has been recognized in hu-
mans or equines. The reason for the apparent absence ofdisease in these hosts in the
Northeast is unknown, and the presence of WEE virus is cause for concern that epi-
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demic potential exists especially in view ofthe increasing population density and sub-
urbanization in this region.
VARIATION IN VECTOR BIONOMICS
The geographical variation in disease pattern expressed by WEE virus is probably
a reflection of parallel variations that exist in the biology of the virus between the
Northeast and the other regions where infection of human and equines is known to
occur. In the epidemiology of any arbovirus, three factors are necessary before
disease can occur in a locale: (i) the virus; (ii) susceptible vertebrate hosts that be-
come ill when infected with the virus; and (iii) suitable vectors for virus transmission.
Numerous isolations from mosquitoes and wild birds establish that WEE is present in
the Northeast (9-16). In addition, there is no reason to suspect that humans and
equines in this region are any less susceptible than they are in other areas where
disease occurs in these hosts. However, an obvious factor that does vary in the
biology of WEE virus between these geographical regions is the species of mosquito
incriminated as the primary vector responsible for enzootic maintenance. Culex
tarsalis serves as the vector in the central and western United States while Culiseta
melanura fills this role in the Northeast (17).
One factor determining the public health threat posed by an arbovirus is the fre-
quency of man's exposure to infected vectors. In turn, the frequency of exposure of
man to mosquito-borne viruses depends on the bionomics of the mosquitoes involved
in the transmission cycle. Cx. tarsalis and Cs. melanura vary considerably in their
bionomics.
Cx. tarsalis prefers to breed in sunlit grassy marshes, open ground pools contain-
ing emergent vegetation, and pools in stream beds. It is particularly abundant in irri-
gated areas where seepage and improper flooding of pasture lands results in exten-
sive sites favorable to the production ofmosquitoes. The irrigated areas ofthe Great
Plains and western North America are the places where WEE virus has been
rcognized as a disease threat to humans and equines (18). Cs. melanura has a more
restricted breeding preference and appears to be limited almost entirely to fresh-
water wooded swamps (15, 19-21). This mosquito often may be the most abundant
species within the swamp habitat, and it is seldom collected in any numbers away
from such areas. This type of habitat is also where foci of WEE virus activity have
been found to occur in the Northeast (17).
In addition, these two species vary in their feeding habits. Although predominantly
a bird feeder, Cx. tarsalis is opportunistic in its choice of hosts. Precipitin testing of
blood-fed specimens has shown that it will readily feed on mammals including horses
and man (22, 23). On the other hand, Cs. melanura feeds almost exclusively on avian
hosts, especially birds in the order Passeriformes (21, 24-30). There have been only
three reported observations of this mosquito feeding on man in nature (31-33).
Blood-meal identification by precipitin testing has revealed only a few additional
cases (6, 25). Reports of Cs. melanura feeding on equines have been even less
frequent: Chamberlain and co-workers collected three specimens feeding on a mule
in North Carolina (34). In addition, precipitin testing of females collected in Mary-
land resulted in the finding ofonly two specimens positive for horse blood (6, 12).
These behavioral differences between Cx. tarsalis and Cs. melanura indicate that
the absence of WEE in humans and equines in the Northeast may be due in part to a
lack of exposure to infected vectors. In other words, Cs. melanura is not coming out
ofthe swamp habitat to feed on thesehosts, and, ifthe hostsoccasionally wander into
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areas occupied by this vector during the hours ofdarkness when it would normally be
feeding, its host preferences are such that it is still unlikely to feed on them.
Results from limited serological surveys support the conclusion that humans and
equines are not exposed to WEE virus in the Northeast (17). However, before this
hypothesis can be accepted, the occurrence of cases of eastern equine encephalitis
(EEE) in these hosts has to be considered, since results from both field and labora-
tory studies have implicated Cs. melanura as the primary enzootic vector of this
disease as well (35, 36). Like WEE, the virus of EEE is also a member of the
Togaviridae and is maintained in nature in a wild bird-mosquito cycle. Enzootic foci
of this virus also have generally been found to be limited to the wooded freshwater
swamp habitat; however, in addition, a number of cases of EEE in humans has been
reported in this area (2). Equine deaths also are reported annually from EEE, and
several large epizootics have been attributed to infection with this virus (17).
There is no evidence from virus isolation from mosquitoes and wild birds or from
antibody prevalence rates in wild birds to indicate that Cs. melanura is a less efficient
vector for WEE virus than for EEE virus or that thevirus ofWEE is less prevalent in
this region than the virus of EEE. In addition, WEE virus, at least occasionally, es-
capes from the freshwater swamp since the virus has been isolated from penned
pheasants and wild birds such as the house sparrow which are rarely found in this
type ofhabitat (17).
A possible explanation for the different disease picture presented by the viruses of
EEE and WEE in the Northeast is that other mosquito species besides Cs. melanura
serve as epidemic vectors and carry EEE, but not WEE, out of the swamp to humans
and horses. Several Aedes species have been implicated as possible vectors of EEE
virus. Because of their abundance, feeding habits, and distribution, Aedes sollicitans
and A. vexans have the highest index ofsuspicion in the Northeast (13, 37, 38).
A number of isolations of EEE has been reported from these two species in this
region (39). Also, studies in the laboratory have shown that both A. sollicitans and A.
vexans are capable of vectoring the virus of EEE experimentally, and, in one
instance, A. sollicitans was shown capable of transmitting EEE virus from an
infected to a susceptible horse (41-43). In addition, WEE virus has been isolated
from A. vexans in the Northeast, but no isolations have been made from A.
sollicitans in this area, although both of these species have also been shown capable
oftransmitting WEE virus experimentally (41,44).
If these two species or other vectors are serving to bring EEE virus out of the
enzootic habitat to man and equines, and if these species are less susceptible to infec-
tion with the virus of WEE than to infection with the virus of EEE, this could account
for the apparent differences in "escape" rate presented by these two viruses in the
Northeast. This explanation would also be compatible with the previous hypothesis
that the differences in the bionomics of Cs. melanura and Cx. tarsalis explain the
different occurrence of illness caused by WEE virus in the eastern and western
geographical areas ofthe United States.
VIRUS STRAIN VARIATION
Variation in the strains of WEE virus between geographical regions may play a
role in the disease pattern presented by this agent in different areas. For example,
even though WEE virus is present in the Northeast, strains which occur in this area
may be less virulent for humans and equines than strains present in the central and
western United States. Karabatsos and co-workers were able to show that strains of
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WEE virus isolated from different geographical areas weredistinct antigenically (45).
Four strains ofvirus isolated in the western United States and Canada were indistin-
guishable from each other but differed from three strains isolated in the East. In a
continuation ofthese studies, Henderson compared 100 strains ofWEE virus isolated
from different geographical regions (46). He was able to separate these strains into
three distinct groups based on antigenic properties. All of the viruses originating
from along the Atlantic and Gulf Coast regions formed a homogeneous group while
the viruses isolated in the central and western parts of the country formed two anti-
genic groups which overlapped in their range of distribution. The single exception to
the above pattern was a virus strain from Colorado which was antigenically similar to
the strains from the eastern United States.
In addition, Henderson et al. reported that passageofvirus strains through certain
vertebrate host systems resulted in alteration of antigenic properties. These results
led to the hypothesis that each strain of WEE virus apparently was composed of a
number of subpopulations of virions with distinct properties and that differences
between strains were due to qualitative and quantitative differences in the subpopula-
tions comprising the strains (47, 48).
Several other arboviruses that are transmitted by mosquitoes have been shown to
have antigenic variation relating to geography (49-52). Such geographic patterns of
antigenic variation led to the formation ofa hypothesis by Shope (53,) as follows.
perhaps arthropod-borne virus strains vary from place to place because in different geographical
locations they encounter different host species and different vector species which determine the
antigenic population making up the predominant serological type in a given locality. This
hypothesis would also explain the antigenic stability over the years in a given location ... where
the vertebrate and mosquito populations are relatively stable.
Such a mechanism of selection and stabilization may be applicable to the strain
variation encountered with WEE virus. Although the same wild birds that are com-
mon to many areas appear to be involved as vertebrate hosts in the ecology of this
virus, as mentioned earlier, the primary mosquito host systems are distinct in the
eastern and in the western United States. Circulation ofWEEvirus in thesedifferent
vector systems over a period of time may have resulted in the selection of different
subpopulations of virions resulting in the geographic pattern of antigenic variation
between virus strains now recognized.
In attempting to illustrate this experimentally, Henderson et al. (47) used mixtures
containing varying proportions of purified strains of WEE virus antigenic types but
found no preferential selection of one population over the other after one oral
passage through Aedes aegypti. However, experimental studies on the alteration of
the antigenic character of distinct virus strains from different geographical regions
after serial passage through the reciprocal natural vectors have not been conducted.
In addition to studies on antigenic differences, one study has been reported com-
paring the virulence for equines of strains of WEE virus from various geographic
areas. A strain of WEE virus that was originally isolated from Cs. melanura
collected in Florida was compared to three strains from western North America (54).
The strain from Florida was less virulent than the other three viruses. It caused no
detectable illness in ponies inoculated intracerebrally. All of the ponies inoculated
with the strains of WEE virus from western North America developed an elevated
body temperature and five of six developed clinical signs of encephalitis. However,
strains of WEE virus from the Northeast have not been tested experimentally for
virulence to equines.
Even ifstrains ofvirus from the Northeast are less virulent, the possibility ofWEE
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virus producing illness in humans and equines at some time in the future may still
exist if more virulent strains of virus from the central and western United States
were introduced into this area and became established. The opportunity for such an
introduction appears to exist in view ofthe extensiveoverlap in the distribution ofCs.
melanura and Cx. tarsalis (55-59). Although Cs. melanura has not been reported in
the far West, it does occur in the central part ofthe country as well as in the eastern
United States. In the East, Cx. tarsalis occurs in most ofthe southern states but has
been reported only as far north as Pennsylvania.
Such a situation would be analogous to a recent epidemic in Texas caused by
another virus in the family Togaviridae, Venezuelan equine encephalitis (VEE). This
outbreak was apparently caused by an "epidemic" strain of VEE virus introduced
into the Pacific Coast of Central America from Ecuador in 1969 and eventually
spread into the southern United States during the summer of 1971. Endemic strains
of VEE virus had apparently existed for over 50 years without causing a serious out-
break of human disease in the area of Central America where the epidemic started
(60).
CONCLUSIONS
WEE virus can no longer be considered uncommon in the northeastern United
States because of numerous isolations from mosquitoes, especially Cs. melanura,
and from wild birds. However, the available evidence indicates that there is little
potential for epidemic expression of this agent in the human and equine population.
This appears to be in part due to differences between the bionomics of Cs. melanura
which serves as the primary vector in the northeastern United States and the
bionomics of Cx. tarsalis which serves as the vector in other areas of the country
where the virus is responsible for disease in these hosts. In addition, variation of
WEE virus strains from geographic locations in the East and in the West occurs, and,
if this variation includes reduced mammalian pathogenicity of the eastern strains as
compared to the western strains, this may also be a limiting factor in the epidemic
potential ofWEE in this region.
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